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Foreword

For the high rainfall zone to readis full grain yield potential, the focus needs to be on soil
structure and fertility. My farm is located in Toongabbie, Gippsland, Victoria. This falls
within the defined area of 500800 mm rainfall known as the high rainfall zone. We have
long recogrsed that our soil is able to store summer rainfall for our winter crops. It is only in
recentdry years that we have recognised how significantly valuable this is. With 40% of our
rain falling outside our growing season, the more we can store and daligedry winter

growing season the higher our crop yield will be.

In many years water is not our most limiting factor. Withod rotations, weed and disease
control we are still not achieving our yield potential. The only factor left is fertility; ourscrop

are not receiving enough of the nutrients required.

The aim of my research was to determine what we as farmers can do to improve our soil
structure and fertility, and what nutrient levels are required to meet yield potentials of up to 8

tonne per hectar

| believe that thigesearch is most important foiigpsland where there is huge potential for
expansion of the graimdustry; howeve this research could have ingations for the entire

high rainfall zone of eastern Australia.

Supported by NuffieldAustralia and my family and sponsored by Rural Finance | set off in
July 2009 for 10 weeks to Kenya, England, Ireland, Canada, USA and New Zealand. This
opportunity allowed me to see grain production under a range of climate extremes, from
growing wheat o the equator to fields covered in snow for 5 months of the year. It also
enabled me to visit researchers, agronomists and farmers to gain an understamawg of
things like biology and chemistry effect saihdwhat we as farmers can do to manage our

soils better.

In a nutshell what we need to do is...
1 ZeroTill
M Controlled Traffic



Diverse crop rotations afummerand wintercropsthat include cereal and broadleaf

types

Raise our soil pH to above 6.0 (Water test)

Explore new methods of controllingweetiséat dondt i nclude burni
grazing and hay cutting.

Apply nutrient as required by our crops based on local trials.
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Executive Summary

Computer modelling has showvthat large increases in grain yield are possible in the high
rainfall zone through improved soil structure. At Sale in central Gippsland, differences in soil
structure could account for up to 3 t/ha of wheat giraisny given yearlf we could improve

our soil structure to provide an unrestrained root zone for our crops then our average wheat
yield could be equivalent to what was recently regarded as a bumper crop. Such yields can

only be achieved with a higher kevof fertility than was needed in the past.

With this in mind | applied for a Nuffield scholarshipo visit farmers, researchers and
agronomistsfrom around the worldFrom these people | studied various farming systems
including organic, biological, caervation agriculture, and conventional farming. | hoped to
see many techniques including, but not limited to, green manure crops, deep ripping,
mouldboard ploughing, minimum tillage, direct drill and zero tilvondered if any of these
techniques couldeally improve our soils or were they undertaken for other reas@iso

wanted to see alternative grain crop types that could have a beneficial effect on soil structure

and fertility.

It soon became apparent that the only grain farming system thabuetprthe soil is
6conservat i ohe phdogaphy oficonsewvatien.adriculture is to avoid tillage and

to keep the ground covered with crop residues at all times. This has positive effects on soll
microbes and worms, that work together to imprswe# structure and fertility. This farming

system is constantly evolving, and the current best practise is the use-till Zié&so openers.

Zerodtill is not without its problems. These problems include soil compaction, pest and
disease pressure, herloieiresistant weeds and residue management at seeding. Most of these
problems were solved with stubble burning and tillage in other farming systems. 4tillzero
these problems can be overcome through controlled traffic, diverse crop rotations and new

thinking on weed control.

Australia leads the world in controlled traffic farming, yet the adoption rate in Australia is still
low. | believe that the lack of controlled traffic could be the reason for the reluctance for

people to use zettll disc openers.



Growing a diverse rotation is one of the most important keys tetileiarming. By growing

a summer crop you shift the growing season and can achieve a much greater level of weed
control than by continuous winter cropping. These alternate crop tyghlsthéir more
vigorous root system also have a positive effect on soil structure. Growiaiged range of

plant species allows each one to improve the soil in a different way. Legumes have long been
known to provide disease control and build nitrogerlgwbut their benefits are much greater

than that. Legumes can extract nutrients that other plants leave behind. They also feed a range
of microbes that work to improve solil structure. The highest yielding wheat crop in the world

was grown after a crop @ield peas.

The biggest threat to modern z&ilb faming systems is herbicide resistant weeds. It is a
common belief that weeds proliferate because their seeds are in the soil in high numbers. In
actual fact many weed seeds lie dormant for many yealg,germinating when conditions

are right for them to grow. If we can keep soil conditions right for our crops but not right for
our weeds then we may be able to gain some headway on this battle of herbicide resistance
that we face.

To grow cereal yieldapproaching 8 t/ha, canola and pulse yields approaching 4 t/ha we need
to increase our soil fertility. It seems apparent that having a good soil structure and a diverse
rotation is more importargn soil fertility thanthe numbers on a soil te$t a crophas access

to more soil it may be abl® extract more nutrients than a soil test might sugg¢sivever

there are a range of nutrients that are required to grow any crop and if those nutrients are not

available then they will need to be supplied.

Most grain farmers in North America and Europe maintain their soil pH above 6®).(H
Having a pH between 6 and 7 will make most nutrients more available than they would be

outside this range.

Recommendations

A Implement controlled traffic
Research the limitains to the use of zero till disc seeders
Grow a diverse rotation that includes summer and winter crops
Maintain pH above 6.0 (}©)

Ongoing research into nutrient availability

o Io Do Do Po

Research into weeds.



Introduction

For the high rainfall zone to reach its fghain yield potential, the focus needs todmesoil

structure and fertility

In Central Gippsland0% of our rain falls outside owinter cropgrowing season. ie more
waterwe can storérom rain outside our growing seasand deliver in a drgpringthe higher

our crop yield will beThe higher our water holding capacity, the better able we are to handle
a wet winter and avoid water logging. This is demonstrated in the following chart which
shows what wheat yields in Central Gippsland would be baséukeoability of the soil type to

store plant available water.

9000
8000
7000

6000
5000 M Grain Yield With Well
4000 - : | Structured Soil
3000 - M Grain Yield With Poor
2000 T * i Structured Soil
1000 -

0 |

Poor Year Average Year Good Year

SourcefiSubsoil constraints to cropping in the high rainfall zbpne DPI1 Vi ct ori a and GRDC

http://www.dpi.vic.gov.au/dpi/vro/vrosite.nsf/pages/soil_mgmt_subsoil_high_rainfall?OpenDocument

In many years water is not our most limiting factor. With good rotations, weed and disease
control we are still not achieving our yield potentithe only factor left is fertility; our crops
are not receiving enough of the nutrients requifddo with potential wheat yields of 8 t/ha

we will require an even higher level of fertility.


http://www.dpi.vic.gov.au/dpi/vro/vrosite.nsf/pages/soil_mgmt_subsoil_high_rainfall?OpenDocument

Objectives

As part of my study | wanted to visit farmerssearchers and agronomists. From these people

| studied various farming systems including organic, biologmaiservation griculture and
conventional farmingl hoped to see many techniques including, but not limitedreen
manure crops, deep rifmy, mouldboard ploughing, minimum tillage, direct drill and zero till.

| also wanted to see alternative grain crop types that could have a beneficial effect on soll

structure and fertility.

The aim was to study these various techniques in a range aftelemtremes and develop a

perspective of which techniques could be suitable for our climate in the high rainfall zone.

Soil Science 1 a Brief Introduction

Soil science is not rocket sciencet is much more complicated than thidttlis beyond the
scopeof most people to understand everything that happens in a soil. Indeed scientists are
discovering new things about soil all the time. What follows is only an insight into what goes
on in the ground beneath our crops. Hopefully this will give the readsp@eciation of how
important the practises undertaken by the farmer are to the long term sustainability and

production of the land.

Biology

Earthworms are probably the most obvious organism that has positive benefits on grain
production. Earthworms inease water infiltration and are important for recycling nutrients

and building soil organic matter. Most people will understand that earthworms grow best
where fertility is at its greatest and the solil is least disturbed. The biggest earthworms you will
find in the garden are wusually in an ol d ovel
years. Earthworms create tunnels through the soil that increase water infiltration. These
tunnels are an engineering marvel when seen under a microscope, madelafe tike

structures stacked around in circles to create a pipe like structure.

Vesicular arbuscular myeodiizal fungi (VAM) are an extension to plant roots that make
phosphorus and zinc available to the pl&dme crops are highly dependent on VAM and
oo hers have a | ow dependency. Some crops ar e
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actually deplete the soil of VAM. Never grow a highly VAM dependant crop after a crop that

is a non host or after a long fallow.

VAM dependency rankings of various ioops
Very High High Low Very Low VAM Non Hosts
Linseed Sunflower Fieldpea Barley Canola
Faba Bean Soybean Oats Lupins
Cotton Navy Bean Wheat
Maize Mungbean Triticale
Pigeon Pea Sorghum
Lablab Chickpea

Source: Austran Grain Magazine, Julugust 200ttp://www.ausgrain.com.au/Back%20Issues/192jagrn09/23_Mycorrhizae.pdf

Mycorrhizal fungi also produce a sticky substance known asglin. Glomalin is a recent
di scovery and has been referred to as O6soil
responsible for building soil structueffectively binding minute soil particles together to

create soil crumbs.

Most farmers a aware of the benefits of rhizobia. These nitrogen fixing bacteria live in
nodules on the roots of legume plants. If a particular species of legume has not been grown in
a paddock for some time then it is worthwhile inoculating the legume seed with the

appropriate strain of rhizobia.

Other microbes in the soil are responsible for recycling nutriants destroying disease
causing pathogens. There is no end to the research and discoveries of solil life. It has often

been said that there are more kilograhbfe below the soil surface than there is above it.

A soil microbe researcher said that what is considered best practise agriculture is usually best
practise for the soil microbes. These are things such &sl,norop rotation, chemical
rotation, irtegrated pest management, controlled traffic, maintaining correct pH and adequate

fertility.

Chemistry

To understand what followwill requirea basic knowledge athemistry To explain in any
more detail is beyond the scope of this report.

11
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All soils have what is known as a cation exchange capacity (CEC). This is the capacity of a
soil to hold onto positively charged ions (catiorGation exchange capacity is measured in
millequivalents per 100 gram (meq). A soil that can hold 1 milligrams (mg) of bgdrtor

every 100 gram of soil would have a meq of hisTequates to 10 parts per million (ppof)

hydrogen. A list below shows the conversions for different cations.

1 meqg/100d¢Hydrogen H) = 10 ppm

1 meqg/100g5odium {Na) = 230ppm

1 meqg/100gMagnesiumMg) =122ppm
1 meq/100dPotassiumK) =391 ppm

1 meqg/100¢Calcium Ca) =201ppm

1 meqg/100cAluminium (Al) =90 ppm

= =4 4 4 A -

Calcium and magnesium are important to flocculate the clay particles in theathibf these
elements carry two positive charges, thisams that they can attach to two clay particles at
the same timeCalcium holds the clay loosely together and magnesium holds the clay tightly
together. This is why soils high in magnesium are prone to hard setting. There is a theory that
you need a certairatio of calcium and magnesium in your $oil maximum productionThe
proposed ratigCa:Mg) is somewhere between 7:1 and 3:1 depending aratioe exchange
capacity (CECYf the soil. Although there is some debate about the validity of these figures

is certainly apparent that if you are way outside the range then you will have problems. Trying

to get the exact figure could be fraught with frustration.

Soils become acid because catisnsh as calciummagnesiumsodium,potassiunmand most

trace é¢ementsare removed by plant rootnd replaced with hydrogefThis is the natural
6exchangeb6é process that occurs in soils. Wh
once again exchanged back onto the soil and the soil then becomes leswadiings can

affect this process. One is excessive rain that causes the nutrients to leach before they can
attach to the soil; the second is nutrient removal from agricultural production. The solution is

to grow deep rooted crops that prevent nutrientHee and to replaceutrients that have

been removedcalcium, magnesium angotassium) with lime, dolomite or potassium
fertiliser. Once a soil become very acid, aluminium is released from inside the clay particles

and becomes part of the cation exchaogeacity. This aluminium has a toxic effect on root

12



growth. The solution is to apply lime to correct the acidity allowing the aluminium to leach

down through the soil where it wondt be a pt

Excess sodium usually results in a high pH (alkaline). Swoidium only has one positive
charge, so it does nothing to hold clay together. You will often see very cloudy water in
puddles or dams where the clay has high sodium content. The clay stays suspended in the
water due to a small mass and high surfacadenédding gypsum replaces the sodium with
calcium, causing the clay to flocculate and therefore settle out of the Wéten clay is wet

in a high sodium soil it disperses and all the soil pores fill up with fine clay. Adding gypsum

will cause the clayo flocculate and remove this problem.

The otherrangesof elements that are essential for plant production are usually in the anion
form. That is ions that have a negative chaijgese are Phosphate, Nitrate, Sulphate and
some trace elements. These asiareusuallyheld within the soil organic matteBometimes

they will bond with a cation making them less available. An example of this is Phosphate that
can attach to aluminium, iron or calcium. This occurs whenpti is either too high (above

6.5) ortoo low (below 5.5 making these cations more available to be bonded to the
phosphate. That is why maximum phosphate availalitityurs between soil pH 5.5 and 6.5
(Water test). You can now understand why having a correct pH and high organic matter is so
important to nutrient availability.

Physics

Let 60s us di vi de soi | structur e i nto t hree

structure.

Microstructure is affected by soil chemistry. As previously mentioned, high sodium content
will cause dispesion and high magnesiumililead to hard setting soil. It has been suggested
that raving a good ratio of the basic cations will lead to good microstructure.

Suggested range of cations making up cec:

1 Calcium 65- 80%
1 Magnesium 10-15%
1 Potassium 1-5%
1 Sadium 071 4%

13



T Aluminium 07 1%

Macrostructure is affected by soil organic matter. A soil low in organic matter will have
poor aggregate stability and be prone to slaking, crusting and hard sétsimgple test is to

place air dried soil aggregates (abthé size of a pea) into some distilled water and observe
what happens. If the aggregates float then the soil has excellent macrostructure. If the
aggregates sink but do not fall apart then the macrostructure is good. If the aggregates sink
and fall apartnto smaller crumbs then the macrostructure is poor and organic matter needs
improving. If the water becomes cloudy then the microstructure is poor and gypsum should be
added.

Upper left tray contains high organic matter soil peds, lower left trays ndotaiorganic matter soil peds. The trays on the right are the
same soils submersed in water for several minutes demonstrating that organic matter prevents the soil from slakingthietest et

dispersion (cloudy water) as these soils are very inighalcium.

Pore structure is created by earthworms. Pore structure is destroyed by cultivation.
practises that reduce or remove cultivation and compaction will allow earthworm numbers to

increase. A good pore structure leads to good water infiltratio

14



Chemistry, physics and biology in the soil are all linked. Having good structure will allow the
biology to grow which in turn helps to improve the chemistry leading to good structure. The
cycle works in reverse alsb good chemistry leads to good bigio which improves the
structure allowing the chemistry to correct itself.

A useful solil test kit can be made up from commonly available parts. This kit can be used to
measure soil qualities such as biological activity, infiltration, bulk density, salipkly
nitrate, aggregate stability, slaking, earthworms and soil structure. The instructions for making
and using this kit are available from the following website:

http://soils.usda.gov/SQkaessment/test kit.html

Arable Farming Systems

Conventional

Converiional farming in Australia isbased on crops in rotation with pasture. A field is
cropped for several years with repeatedicalions to break up compaction anddontrol

weeds andaot diseases. The field is then sown back to pasture to restore soil structure and
organic matterThe pastures are grazed with either sheep or beef cattle to provide income and
control weeds. These livestock are also used on crop stubbles during the fatiod to

control weeds. This system of farming was held in high regard in the past as it was seen as
sustainable and the livestock and cropping enterprises were seen as complimentary in many

ways.

This system could possibly be sustainable in the leng if managed correctly. Cultivations
should be timely and done at a slow speed to maintain soil structure as much as possible.
Herbicide, insecticide and fungicide use was initially zero but as these tools became available

farmers saw the value of themdathe yield increases that followed.

I n Australiads climate of unreliabl e rai nf
maximum production as it doe®t provide the ideal in terms of softirscture and water
infiltration. As f ar mer 6 s have denlged avé needrt@ mhaximise outputs and

minimise inputg conventional farming does not provide for this

15
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Organic

Consider the following statement from the International Federation of Organic Agriculture

movements:

"Organic agriculture is a prodtiocn system that sustains the health of soils, ecosystems and

people. It relies on ecological processes, biodiversity and cycles adapted to local conditions,
rather than the use of inputs with adverse effects. Organic agriculture combines tradition,
innovdion and science to benefit the shared environment and promote fair relationships and a

good qulity of life for all involved!

The statement actually makes quite a lot of sense and | believe is what most clear thinking
farmers aspire to. The reality thgluis that organic farming is built on a belief system. Some
Organic advocates believe that all herbicides, insecticides and fungicides are dangerous to
human health. Others believe that chemical fertilisers are damaging to the soil biology. There
is no caetral agreed definition of what organic agriculture is. It seems to me that organic food

production is built on emotions and beliefs rather than clear science.

There are two reasons | see that a farmer might undertake organic food production. One is to
cash in other peoples beliefs, the other is because of the farmers own beliefs. Organic farming
generally replaces chemicals with cultivation placing no regard on having perfect soil
structure andweed control. Researchers at NaffertoBxperimentalfarm (managed by
Newcastle University) in England hadéscovered thagrain yield is half of what théest

conventional farmers are achieving.

Biological

Biological farming is not the same as organic farming. The focus is on the soil biology and the
benefits biology has on pest and disease control. Biological faaimern® achieve a chemical
balance in their soils that is ideal for soil microorganisms to live. They will avoid using any
chemical fertiliser or pesticide that has an adverse effect on soil biology. The limited use of
herbicides creates a greater needsiit cultivation to control weeds. This invariably does

nothing for the soil structure, the very home of the microorganisms they are trying to protect.

16



Conservation Agriculture

Put a spade in the ground of a field that has been unédl foo 5 yeais or more and the first
thing you will notice is how easily it goes in. The second thing that you notice is the number
of earthworms and the pore structure that is present. Spending time with long t&im no
farmers you begin to appreciate the qualityifefand profitability they enjoy. You also notice
that their machinery is up to date and they all have recently renovated or new housks. No

brings prosperity back in to agriculture!

The conventional farming neighbour of atha | | er  d otkesyml®& beind achieves v e
arepossi ble.Clicdwdisaad t he.y Kearyyadam Farsmearad iar e a
irrigation. o I n Tanzania they <cal/l it A Wi t

respectively known as IikP.uob tal ko and ACof f ec

My focus is going to be omeractill farming, the culmination of an evolution in agriculture

known asConservation Agriculture.
Conservation Agriculture

Conservation Agriculture is a terminology that covers a range of farming systems that aim to

conserve soil whilst maintaining or increasing production.

The traditional farming system in Australia involved several cultivations prior to sowing a
crop. Thesecultivationswere to break up soil compaction, control weadd diseaseand
provide a sedukd for the cropThis system was generally rotated with pasture to provide a

rest period and allow the soil structure and organic matter to recover.

The first phasein conservation agriculture is mmum tillage; me pass with a full cut to
break up comaction and provide a seedbed prior to sowing. Stubble is retained if possible
and weedsre controlled with herbicides. This system may allow continual cropping but it

does not really allow the soil to fully recover.

17



The second phase direct drilling. This technique combines the full cut cultivation with the
sowing operation. The benefits of this is that soil is exposed to the elements for less time and

that the tractor is not travelling on anda@mpacting previously cultivated ground.

The third phasef conservation agriculture is #l. In this system the only cultivation is

with a knife point at sowing to break up compactand root diseasdselow the seedn self
mulching soils or in a controlled traffic system a spear point can be used:tilhalothe
residues are retained, however the sowing operation is still disturbing quite a bit of soil. This
soil disturbance creates four problems. Firstly the residues are covered with soil which allows
them to break down quicker. Second, the soilpsned up and soil water is lost through
evaporation. Third, weed seeds are more likely to germinate either because they are now
covered in soil €.g9. ryegrass) or exposed to light.g. wild radish). Fourth, soil biology

performs best when there is no sidturbance.

The latest phase of consation agriculture is zeroll, which will be discussedext

In conservation agriculture we need to consider what problems we covered up with
cultivation. These are weedsot diseases and soil compactiodbol compaction can be
alleviated with controlled traffic, diseases can be controlled with good rotations and weeds are
generally controlled with herbicides.

There is growing concern about herbicide resistance with conservation agriculture. Rotations
can bepart of the solution for weed control, but new thinking is required if we are to combat
what is the most significant thre@atsustainable food production.

Many farmers say that Ao i | | does not work on their soil
fveyear so i s a common phrchalenges. Silbsanmdesandyisals irs 0 me
high rainfall/ low evaporation areas are quite prone to compaction. In these cases controlled
traffic, possibly combined with drainage, will be the key to succesthédbther end of the

scale, heavy clays in dry areas are prone to cracking and drying. A mulch of cultivated soll is
used to slow down this process. The key here is to retain crop residues as a mulch to prevent

the soil from drying and cracking.

Another eason that farmers see a response from cultivation is that rotations are not doing

their job of controlling root diseases. A farmer needs to ask whether the rotation is diverse

18



enough with a long enough break between similar crop types; or if the grass soatrol in

the broadleaf crops is adequate enough to prevent the carryover of root diseases.

The third reason that farmers may see a response from cultivation is that as soil carbon
increases, an increasing amount of nutrient is tied up in organierntatttivating will allow

the organic matter to oxidise, releasing large amounts of nutrient and providing a significant
crop response. As the organic matter stabilises this nutrient will be released slowly to the crop
and you will begin to see the greabenefits of zerdill. It is well known that under the first

few years of ndill nitrogen requirements will be greater.

Another problem is that of stratification. If an organic mat is building on the soil surface and

not breaking down then there is mdigely a biology problemThis could be caused by an

extreme pH or a nutrient imbalance. The other type of stratification is that of individual
nutrients. AWe need to cultivate to mix the
Consider that someutrients are immobile (e.g. phosphorus) and others are very mobile and
prone to leaching (e.g. nitrogen, sulphur and potassium). It is no coincidence that plants take

up immobile nutrients early in their growth when their rootsstigdlowand mobile nutents

in greater quantities as the plant increases in size and roots penetrate into deeper soil.

Never accept that atll does not work. Work with your advisors to find out whyistnot

working and then correct that problem.

In summary, we need five tigs for conservation agriculture to work:
91 Zero Till combined with 100% residue retention

Controlled Traffic

1

1 Good Rotations

1 New thinking on weed control
1

Adequate nutrition and correct soil pH.

Zero Till

Zerotill involves the use of a disc opener to plabe seed in the soil with minimum
disturbanceMost of the improvements from zetidl can be attributed to the retention of crop

residuesThe benefits of zertll are as follows:
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Crop residues are retained on the surface wheyectire protect the sditom raindrop

impact and wind, preventing crusting and wind erosion

Crop residues are retained on the surface where they can protect the soil water from
evaporation

An increase in earthworms improves water infiltration leading to les®ffufless
erosian) and lessvater logging

An increase in soil biology responsible for nutrient cycling making nutrients more
available to mnts

Weeds are least likely to germinate due to less soilrbdmstice and less access to light

An increase in organic matter leads greater water holding capacity, reducing the

effects of drought andater logging

Zero Till disc seeder, showing the residue handling capabilities

To understand the benefits of reduced evaporation considdérémehRSchulz water use

efficiency (WUE) model. Basically you tally up the rathat falls between crop sowing and

maturity (known as growing season raiSR), add on any stored water that was present at

sowing and then subtract anywhere from130mm to allow for a water loss factor (WLF).

Then you divide your grain yield in Kg by the total effective rainfall and you have water use

efficiency. An example is shown below:
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